Although various studies reported better outcomes in centres performing a high volume of procedures of coronary artery bypass grafting (CABG) or percutaneous coronary interventions (PCIs), it is unclear how strong this relation is and whether it pertains to today's practice.
Introduction
Since the first publication of Luft et al.
1 on the effect of high volume on coronary artery bypass grafting (CABG) in 1979, numerous studies reported on the association between the volume of procedures and the outcome of CABG or percutaneous coronary intervention (PCI). Usually, the effect of treatment in a highvolume centre on a short-term adverse outcome such as in-hospital mortality is examined. The idea behind these studies is that performing a procedure more frequently results in better outcomes ( practice makes perfect). An alternative explanation would be that centres providing the best results attract more patients than other centres (selective referral). 2 Most of these studies indeed reported better outcomes for high-volume centres. As a consequence, these results have been embraced by initiatives such as the Leapfrog Group to promote CABG and PCI in high-volume centres. 3 However, the literature concerning the volume -outcome relationship for PCI has not been reviewed. Yet, there is some evidence that the disparity in outcomes of PCI between high-and low-volume hospitals has narrowed over time. 4 Reviews on the volume -outcome relationship for CABG exist, but do not include articles published after 2002. 5, 6 Moreover, a meta-analysis has, to our knowledge, never been performed for CABG or PCI. Therefore, we reviewed the literature up to 2008 and performed a meta-analysis to provide a more precise estimate of the relation between volume and procedure-related mortality after CABG and PCI, with a special interest in the more recent literature.
Methods Search strategy and selection criteria
An experienced librarian searched the databases Medline and Embase from inception to September 2008, using WINSPIRS software (Silverplatter Information, Inc., Norwood, MA, USA), for articles that report on the relation between centre volume and the outcome of CABG or PCI. MeSH terms and 'free text' were used to search for articles addressing the question of interest (professional competence, caseload, expertise, volume, etc.) combined with search terms defining CABG and PCI (angioplasty -transluminal -percutaneous -coronary; coronary-artery-bypass) and search terms defining relevant outcomes (outcome-assessment, audit-delivery of, mortality, morbidity, delivery-of-healthcare, etc. Articles were initially selected by one of the authors on the basis of the title or abstract. Of those, the complete articles were retrieved, and the selection criteria applied independently by two reviewers (P.N.P. and M.K.). The inclusion and exclusion criteria for selecting studies are listed in Table 1 . We did not restrict the search to a specific study design, but expected to identify observational studies only. As it is not appropriate to mix odds ratios (ORs) for a dichotomous effect estimate with those for a continuous effect estimate, we restricted our meta-analysis to studies using a cut-off point to distinguish high-volume from low-volume hospitals. Correction for differences in case-mix was required, as these differences may introduce bias. We carefully examined the data source of every study to prevent including multiple studies, reporting from the same database. If multiple publications were found using the same or part of the same database, the most recent or most informative was included. Studies including combined CABG and valve surgery were excluded, because this type of surgery exhibits a higher mortality and requires different technical skills. Off-pump CABG was excluded to obtain a more homogeneous group of studies. No language restriction was applied, but authors of articles in languages other than English were contacted to provide an English translation.
Data extraction and quality assessments
Two of the authors (P.N.P. and M.K.) extracted the data independently and assessed the quality of the selected papers, using a standard extraction form. The results of data extraction and quality assessment were compared. Disagreements between the two reviewers were mainly caused by unclear reporting in the included articles or by oversight of one of the reviewers and were resolved by discussion. If authors reported separate effect estimates for subsequent periods, these were entered individually in the analysis. If insufficient information was available in the article, authors were contacted for additional information.
Data synthesis
Odds ratios of the mortality risk for treatment in a high-volume centre relative to treatment in a low-volume centre were extracted. Adjusted ORs (adjusted for case-mix) and the lower and upper limit of its 95% confidence interval were used in the analysis. If available, the relative mortality risk of the category with yearly volumes .600 (or close to 600) to that of the next lower category was calculated (e.g. mortality rate ≥600 vs. mortality rate 400 -600 or ,600). This cut-off point was chosen because in some earlier reports it was found that increasing the volume of procedures above 600 did not have an additional beneficial effect. If other relative measures were used, these were used as ORs, provided that the rare disease assumption was not violated. If only adjusted rates were available, rate ratios thereof and its confidence interval were calculated.
Summary estimates were calculated with corresponding forest plots using Comprehensive Meta-analysis version 2 (Biostat, Englewood Cliffs, NJ, USA). The Q-statistic and I 2 were calculated to assess the amount of between-study heterogeneity. 7 A random-effects model was assumed to obtain summary estimates. If substantial betweenstudy heterogeneity was observed, mixed-effects subgroup analyses and meta-regression were undertaken to identify the source of heterogeneity. The impact of studies of inferior quality was examined in sensitivity analyses using mixed-effects analysis. Sensitivity analyses were planned for the data source (clinical, if prospectively collected data were primarily used for clinical purposes; administrative, if data were collected for administrative purposes), the degree of completeness of case-mix adjustment (complete, if adjusted for age, sex, severity of disease, and co-morbidity; incomplete, for any other combination), and definition of procedural mortality, and the presence of an explicit statement that CABG combined with valve surgery was excluded. Publication bias was examined constructing funnel plots of standard error by log OR and was tested using the Egger regression test. 8 The checklist for Meta-analysis Of Observational Studies in Epidemiology (MOOSE) was followed in preparing the manuscript. 9 All reported 
Inclusion criteria
Hospital volume is an independent variable in the study A cut-off point is used to distinguish high-volume from low-volume hospitals
The relation of volume to a relevant short-term outcome of PCI or CABG is investigated
Outcome is in-hospital mortality The study contains a representative sample of patients treated at that centre The results are adjusted for differences in case-mix at baseline in a multivariate model, at least for age and sex
The results are presented as odds ratios (or relative risks or similar) of high-volume vs. low-volume hospitals
Exclusion criteria
Multiple publications based on the same database; in that case, only the most recent or most informative article is included
The study does not contain primary data Results reported on off-pump CABG CABG studies reporting on combined surgery (CABG and valve surgery) P.N. Post et al.
Results
Our literature search initially revealed 1624 articles. After screening the title and abstract, 140 articles were of potential interest. Application of the selection criteria led to the inclusion of 10 articles on PCI and 7 on CABG (two articles provided results for PCI as well as CABG). Important reasons for exclusion were: the absence of a confidence interval for the relative measure reported, multiple papers based on the same database, absence of primary data, or absence of data describing the volume outcome relation (Figure 1) . Of the 18 first authors contacted to supply additional information, 5 responded and 3 supplied information that resulted in the inclusion of the study. These results were included in the analyses labelled as 'unpublished results'.
Percutaneous coronary interventions
Ten studies comprising 1 322 342 patients in 1746 hospitals were included in the analysis. Except two Japanese studies, 10, 11 all studies took place in the USA, whereas the period under study ranged from 1995 to 2003 (Table 2a) . The two Japanese studies and one American study reported high in-hospital mortality rates of 7.4, 10.1, and 6.4%, respectively. 10 -12 Three studies used administrative data for case-mix adjustment and the remainder used higher-quality clinical data. All included studies used in-hospital mortality as the outcome. Meta-analysis revealed an overall OR of in-hospital mortality for patients treated in a high-volume hospital compared with those treated in a low-volume hospital of 0.87 (CI 0.83-0.91) (Figure 2) . The I 2 value of 38% (Q-statistic: P ¼ 0.088) indicated moderate heterogeneity. Omitting Kimmel et al. 13 (the only study suggesting an adverse effect of high volume) from the analyses reduced the heterogeneity (I 2 ¼ 20%; P ¼ 0.26), but barely changed the overall OR (0.86; CI 0.82-0.90). Heterogeneity was also limited when restricting the analysis to the (two) administrative studies using a cut-off point of 400 (I 2 34%; P ¼ 0.2), but did not change the effect estimate (OR 0.86; CI 0.82-0.90). The overall OR was not sensitive to the source of data used for case-mix correction (P ¼ 0.74), nor for completeness of case-mix correction (P ¼ 0.18) Figure 1 Flowchart of literature review.
Relation between volume and outcome of coronary interventions ( Table 3) . Omitting the three studies with high mortality rates, 10 -12 or studies providing unpublished results, 12,14 from the analysis neither changed the OR. Meta-regression revealed no interaction with the cut-off point used to distinguish high vs. low volume (P ¼ 0.11). Nor did a sensitivity analysis of the three studies using a very low cut-off point (Canto et al., 12 Vakili et al., 15 and Tsuchihashi et al. 10 ) reveal a differential effect. Meta-regression failed to show a relationship between the proportion of patients undergoing PCI for an acute lesion and the strength of the relationship with volume (P ¼ 0.7). However, studies containing a higher proportion of patients treated with stents reported a stronger relationship between volume and outcome (P ¼ 0.03) (Figure 3) . Furthermore, more recent studies seemed to report a slightly smaller effect size than earlier studies (P ¼ 0.055) (Figure 4) . The funnel plot of standard error by log OR was not suggestive for publication bias (P ¼ 0.79).
Coronary artery bypass grafting
The seven included studies comprised 1 470 990 patients in 2040 hospitals, except one Taiwanese study, 16 all originating from the Relation between volume and outcome of coronary interventions USA, using data from 1997 to 2003. Four studies used administrative data for case-mix adjustment and six used clinical data (Table 2b) . Meta-analysis indicated a reduction in mortality at higher volume centres (OR 0.85; CI 0.79 -0.92) ( Figure 5 ). However, moderate heterogeneity was observed (I 2 47%; Q-statistic: P ¼ 0.03). Excluding Wu et al. 16 (the only study suggesting an adverse effect of high volume) from the analysis did not change the effect size, but reduced the heterogeneity (I 2 33%; P ¼ 0.13). The results were not sensitive to the planned sensitivity analyses ( Table 3) . Nor did excluding Birkmeyer et al. 17 (the only study comparing the highest volume category with the lowest) change the results. Meta-regression revealed no interaction with the cut-off point used (P ¼ 0.63). There was no significant trend in the effect size over time, although more recent studies seemed to report a slightly smaller effect size than earlier studies (P ¼ 0.13) (Figure 6 ). The funnel plot of standard error by log OR was somewhat suspicious of publication bias, but did not show an excess of small positive studies (P ¼ 0.054) ( Figure 7) .
Discussion
Most studies investigating the influence of the yearly volume of coronary interventions reported a negative association between volume and the occurrence of short-term adverse events. However, a reliable estimate of the effect size is lacking. Moreover, it is unclear whether this association pertains to today's practice. Our meta-analysis showed a significant relation between high volume and outcome of PCI. Moreover, we found no evidence that the strength of this relation has attenuated over time, although the results of our meta-regression analyses showed a slight attenuation of the effect size that was close to significant. Interestingly, studies containing a large proportion of patients treated with stents reported a stronger relationship. A possible explanation could be that in the period that stents were introduced, operators had to perform a sufficient number of procedures to reach results of sufficient quality. Ho 4 reported a slight attenuation of the volume -outcome relation for PCI, but his finding pertained to the period between 1984 and 1996. Two systematic reviews suggested that the size of the reduction in mortality after CABG associated with treatment in a high-volume centre attenuated between 1972 and 1989, 5, 6 but reports of more recent trends in the volume-outcome relationship are not available. We found a significant reduction in in-hospital mortality associated with CABG performed in a high-volume centre, but no evidence for attenuation of this effect since 1990.
Methodological limitations
Several issues have to be discussed that might affect the validity of our results. A first concern is the amount of heterogeneity observed between studies. Although we restricted our analysis to studies with rather similar characteristics, considerable variation was observed in the selection of hospitals (nation-wide, state-wide, hospitals participating in a voluntary registry), definitions for which the volume-outcome relation was reported (cut-off point between .33 and .600, etc.), methods to adjust for differences in case-mix (administrative vs. clinical data, correction for some or all of the following components: age, sex, severity, co-morbidity), reported crude mortality rates (0.8 -10.1% for PCI; 2.4-5.4% for CABG). This clinical heterogeneity indeed translated in moderate-to-high statistical heterogeneity. However, when we restricted the analyses to more similar studies, the statistical heterogeneity also decreased. We deliberately chose not to exclude studies with high mortality rates or deviant definitions of high volume, etc. Instead, by showing the main results including all studies followed by more restrictive analyses, we provided insights in the consequences of strict vs. more liberal inclusion criteria. However, the fact that studies reporting results of off-pump CABG were excluded might limit the generalizability of our results. However, if any effect, we consider it more likely that exclusion of patients treated with off-pump CABG has inflated rather than overestimated our effect estimate.
The fact that we did quite a few subgroup and meta-regression analyses might be criticized, given the small number of studies in the analyses. However, we interpreted the results of these analyses with caution. Moreover, investigation of the specific clinical Figure 3 Results of meta-regression of the percentage of percutaneous coronary intervention patients treated with stents by effect size (the more negative log odds ratio, the stronger the effect size). Figure 4 Results of meta-regression of mean study year of patients treated with percutaneous coronary interventions by effect size (the more negative log odds ratio, the stronger the effect size).
differences between studies is generally preferred rather than to rely on a statistical test for heterogeneity. 7 Another point of critique might be that we included unpublished results, obtained from authors of published papers, because the methods used to obtain these results are not scrutinized to a similar extent as published results. However, excluding unpublished results in sensitivity analyses did not change our results. Publication bias might play a role. However, neither inspection of funnel plots of standard error by log OR nor Egger regression test provided evidence for publication bias. Moreover, we suspect that a study reporting the lack of a volume-outcome relationship would also be an interesting result worthwhile to publish, making publication bias less likely to occur as in reviews of randomized controlled trials reporting the effect of interventions.
Implications
In-hospital mortality was significantly lower when CABG or PCI were performed in a high-volume centre when compared with low-volume centres. Whether this finding supports the concentration of all coronary interventions in high-volume centres has to be judged in light of several issues.
First of all, all included studies were observational studies. Although randomization between treatments in a high-volume centre vs. a low-volume centre seems to encounter practical problems, a causal relation between the volume of patients and the Figure 5 Results of meta-analysis of studies investigating the effect of centre volume on in-hospital mortality after coronary artery bypass grafting. Figure 6 Results of meta-regression of mean study year of patients treated with coronary artery bypass grafting by effect size (the more negative log odds ratio, the stronger the effect size). Figure 7 Funnel plot of standard error by log odds ratio for studies reporting the effect between volume and outcome of coronary artery bypass grafting.
Relation between volume and outcome of coronary interventions outcome of treatment cannot be concluded from these observational studies. Moreover, it seems more likely that specific processes of care are responsible for the better outcomes in high-volume centres. 18 For example, the differential use of proven effective medical treatment explained up to one-third of the survival benefit of elderly patients with myocardial infarction attributed to high-volume hospitals. 19 It is not possible to define a specific minimum procedure below which the outcome of coronary interventions would be worse than for patients meeting this minimum requirement. Various cut-off points were used in the included studies. Moreover, inspection of the forest plots of the main analyses, nor meta-regression by cut-off point, did reveal a differential effect.
Most included studies originated in the USA. The number of studies from outside the USA was too small (two for PCI and one for CABG) to explore the similarity of the effect across countries. Moreover, all three studies originated from Asian countries. 10, 11, 16 It is, therefore, unclear whether our results can be generalized to other countries outside the USA, such as in Europe or Canada. Nonetheless, the occurrence of repeat percutaneous transluminal coronary angioplasty, CABG, or death after PCI at 7 days was lower for high-volume hospitals in Canada between 1991 and 1995 (OR 0.79; CI 0.65-0.96). 20 Significantly lower mortality rates after emergency (P ¼ 0.03), but not after planned PCI (P ¼ 0.99), were observed in hospitals performing .400 PCIs in France between 2001 and 2002. 21 Therefore, although we cannot quantify the similarity between these studies and the overall results in our analyses, it is likely that a relation between volume and outcome after coronary interventions exists in countries outside the USA.
In conclusion, patients undergoing CABG or PCI in a highvolume hospital exhibit lower in-hospital mortality than those treated at low-volume hospitals. Our meta-analysis does not support the view that this relation has attenuated over time.
